T ype 2 diabetes has emerged as a significant health issue in American youth, particularly among Latinos, with an estimated lifetime risk of approximately 50% (1) . The ethnic disparity of diabetes risk has not been fully examined but likely includes a combination of insulin resistance and the inability of pancreatic ␤-cells to compensate through increased insulin secretion (2) . Compensatory mechanisms to insulin resistance in children and early adolescence appear to be ethnic specific, and previous research from our laboratory has reported increased insulin release in response to an insulin-modified iv glucose challenge as a compensatory mechanism for insulin resistance in Latinos (3) . Although this mechanism may be able to maintain the already low levels of insulin sensitivity (SI) in Latino youth in the short term, it may eventually lead to failure of the ␤-cell and the progression toward type 2 diabetes (3) .
In addition to nutrition and physical activity, research has started to include the role of the social environment, particularly psychosocial stress on adiposity and insulin resistance (4) . The physiological stress response leads to the release of cortisol, a glucocorticoid, from the adrenal glands. Designed to increase energy availability in the short term, cortisol acutely impairs insulin secretion and increases hepatic glucose output. An environment of prolonged glucocorticoid exposure, i.e. chronic stress, exerts diabetogenic effects by interfering with insulin action on several different levels (5-7), including a direct inhibition of insulin secretion from pancreatic ␤-cells (8) , impaired insulin-mediated glucose uptake (9) , and disruption of the insulin signaling cascade in skeletal muscle (10) . Healthy adults appear able to compensate for glucocorticoid-induced insulin resistance with increased ␤-cell function or increased insulin release (11) (12) (13) . This is evident even under rather chronic circumstances. In less insulin sensitive or obese individuals, however, those compensatory mechanisms fail to counteract glucocorticoid-induced insulin resistance, resulting in hyperglycemia (12, 13) .
Although research has demonstrated the negative association between cortisol and SI in adults (14, 15) , very little research has addressed the question of whether cortisol interferes with SI and potential compensatory mechanisms for insulin resistance in children and adolescents. To assess the effects of cortisol on SI in ethnic minorities is of particular interest, because they are exposed to greater chronic stress and life events (16) . The hypercortisolism associated with chronic stress exposure may further compromise the already lower SI and exacerbate the progression to insulin resistance and type 2 diabetes in this population. In support of that idea, previous work from our laboratory has shown an association between higher morning cortisol and the metabolic syndrome in Latino youth (17) . Hence, the purpose of the present paper was to investigate the relationship of cortisol with SI, ␤-cell function [disposition index (DI)], and acute insulin release (AIR), as well as their changes over a 1-yr period in a sample of Latino youth at risk for type 2 diabetes. We hypothesized that cortisol is negatively associated with those variables as well as the change in insulin parameters over a 1-yr period. The results of the present paper will provide additional insight regarding the relevance of stress reduction as a component of preventive measures against obesity and type 2 diabetes in minority youth.
Patients and Methods

Participants
The current analysis includes data from the first two annual visits of 211 participants (119 boys and 92 girls) of the longitudinal, observational SOLAR study (Study of Latino Adolescents at Risk of Diabetes) conducted at the University of Southern California (18) . Inclusion criteria for participants were Latino ethnicity, a family history of type 2 diabetes, and a body mass index (BMI) at or above the 85th percentile for age and gender. BMI and BMI percentiles for age and gender were based on established Centers for Disease Control and Prevention normative curves (19).
Participants were between 8 and 13 yr old at study entry. Exclusionary criteria included major illness and medications or a condition known to affect body composition or SI. The study was approved by the Institutional Review Board of the University of Southern California, and informed consent as well as child assent was obtained before testing from parents and children, respectively. After consenting, children completed an oral glucose tolerance test (OGTT) (outpatient visit) to further determine eligibility for the study by excluding the presence of type 2 diabetes. Eligible participants completed an annual frequently sampled iv glucose tolerance test (FSIVGTT) (inpatient visit) establishing SI, ␤-cell function (DI), and AIR to a glucose challenge. A detailed description of both procedures are described below.
Oral glucose tolerance test
The annual OGTT was performed after an overnight fast in the General Clinical Research Center of the University of Southern California. After arrival at approximately 0800 h, a thorough medical history and physical exam were performed and Tanner stage was determined (20) by a licensed pediatric healthcare provider. Height was measured to the nearest 0.1 cm by a wall-mounted stadiometer, and weight was recorded to the nearest 0.1 kg by a balance-beam medical scale. Oral glucose tolerance was determined with two blood samples taken before (Ϫ5 min) as well as 2 h (120 min) after ingestion of 1.75 g oral glucose solution/kg body weight (up to a maximum of 75 g). Blood samples were analyzed for glucose and insulin concentrations. Impaired glucose tolerance was determined according to guidelines of the American Diabetes Association (21).
Intravenous glucose tolerance test
One to 2 wk after the OGTT, eligible participants were readmitted to the General Clinical Research Center in the afternoon. Total fat mass and total lean tissue mass was determined by wholebody dual-energy x-ray absorptiometry (QDR 4500W; Hologic, Bedford, MA) by a small group of trained research technicians blinded to patients treatment.
Waist circumference was measured to determine central adiposity, and waist-to-hip ratio was calculated. After body composition measurements were completed, participants were served dinner. After a 12-h fasting period, the FSIVGTT started at 0630 h the following morning. Intravenous catheters were placed in an anticubital vein of both arms. Two fasting blood samples (Ϫ15 and Ϫ5 min) were followed by a 0. . IGF-I, IGFBP-1, and IGFBP-3 concentrations were determined using two site coated tube immunoradiometric assay kits (Active Diagnostic System Laboratories, Webster, TX). Samples were assayed in duplicate for IGF-I (intraassay CV, 8.2%; interassay CV, 11.3%), IGFBP-1 (intraassay CV, 6.8%; interassay CV, 11.4%), and IGFBP-3 (intraassay CV, 7.0%; interassay CV, 3.6%).
Statistics
The total sample size of 211 participants was used for descriptive analysis. Mean differences by Tanner stage were assessed with 2 analysis. Differences by sex were determined with ANOVA. Effects of sex and Tanner stage on the relationship of cortisol and changes in SI were assessed with analysis of covariance, covarying for fat mass and fat-free mass. AIR was log transformed to achieve normality before analysis. Zero-order correlations were used to assess the relationship of cortisol with anthropometric measures, parameters of the OGTT [area under the curve (AUC), impaired fasting glucose, and impaired glucose tolerance], and IVGTT (SI, AIR, DI, and fasted insulin and glucose concentrations).
Change scores in parameters of the OGTT and FSIVGTT were calculated by subtracting yr 1 values from yr 2 values. A total of 143 participants (78 boys and 65 girls) had complete data from yr 1 and yr 2 and therefore were available for analyses, including change scores. Zero-order correlations were then used to examine the relationship of yr 1 cortisol with the change in OGTT and IVGTT parameters from yr 1 to yr 2. All correlations and cross-sectional and change scores were then reexamined with adjusted partial correlations. Correlations were adjusted for age, sex, total fat mass, and total lean mass. Because of the considerable dropout between yr 1 and yr 2, analyses including change variables were performed, including all participants from yr 1 and yr 2, as well as with participants who had complete data for both years only.
The correlations of cortisol and change scores were additionally adjusted for baseline values. Data were analyzed using SPSS for Windows version 16.0 (SPSS Inc., Chicago, IL). Data in Table  1 are presented as means Ϯ SDs. A P value of 0.05 was a priori assigned significance.
Results
The 211 participants included 119 male and 92 female participants. Table 1 displays subject participant characteristics separate for gender stratified by sex in yr 1 and yr 2 as well as the change between the two assessments. 2 tests showed that neither cortisol, SI, DI, log AIR, nor the change from yr 1 to yr 2 were different for Tanner stages, and therefore results are reported for all Tanner stages combined. Sex differences were observed for fasting insulin in yr 1 but not in yr 2 with females having higher fasting insulin compared with males in yr 1. Fasting insulin concentrations increased for both sexes between the two assessments but the increase was not different. DI was higher in males compared with females in both years. However, the change between the 2 yr was not different by sex.
Changes between yr 1 and yr 2 were different by sex for height, weight, percentage fat mass, and total lean mass. None of the changes in insulin-related parameters was different by sex. Therefore, additional analysis was conducted for the whole group with sex as a covariate. Neither cortisol at yr 1 and yr 2 nor the change in cortisol was different by sex. Status of menarche had no effect on baseline SI, cortisol, or change in SI in females.
Cross-sectional analysis of baseline data
From the OGTT, cortisol was negatively associated with the 2-h AUC for glucose (r ϭ 0.15; P Ͻ 0.05) but not with the 2-h insulin AUC. Cortisol was significantly higher in those participants with impaired fasting glucose compared with normal fasting glucose (10.9 Ϯ 3.1 vs. 9.1 Ϯ 3.1 g/dl, respectively; P Ͻ 0.05; n ϭ 26 vs. n ϭ 185, respectively) and in those with impaired glucose tolerance (10.4 Ϯ 3.7 vs. 9.0 Ϯ 2.9 g/dl, respectively, P Ͻ 0.01; n ϭ 53 vs. n ϭ 158, respectively).
During the IVGTT, cortisol concentrations were associated with fasting glucose concentrations (r ϭ 0.23; P Ͻ 0.01) but were not associated with fasting insulin concentrations, lipid concentrations, or SI. Cortisol was negatively associated with DI (r ϭ Ϫ0.24; P Ͻ 0.05) (Fig.  1 )and log AIR (r ϭ Ϫ0.27; P Ͻ 0.05) (Fig. 1B) in yr 1. An analysis of covariance showed no main effect of sex or Tanner stage for these associations.
Longitudinal analysis
Change scores for OGTT parameters were not different by sex or Tanner stage. Insulin AUC significantly increased from yr 1 to yr 2 in males but not in females. Glucose AUC did not change from yr 1 to yr 2. Cortisol was not related to the change in insulin AUC.
Change scores for IVGTT parameters were not different by sex or by Tanner stage. Although fasting glucose did not increase significantly from yr 1 to yr 2, fasting insulin concentrations did increase significantly from yr 1 to yr 2. Cortisol, however, was not associated with the change in fasting insulin. SI decreased significantly from yr 1 to yr 2 for both sexes individually and for the whole group (2.2 Ϯ 1.4 compared with 1.7 Ϯ 1.1; respectively; P Ͻ 0.01). AIR increased significantly from yr 1 to yr 2 (1640 Ϯ 1262 compared with 1817 Ϯ 1277, respectively; P Ͻ 0.05) for males only. DI significantly decreased between the two annual assessments for females only. However, although the change in DI between the two assessments was not different by sex, DI was significantly higher in sex in yr 1 and yr 2.
Baseline cortisol concentrations were negatively associated with change in SI from yr 1 to yr 2 (r ϭ Ϫ0.23; P Ͻ 0.05) (Fig. 2) . No relationship was observed between cortisol and the change in log AIR and DI. IGFs were not different for Tanner stage at baseline. Female participants had significantly higher concentrations of IGF-I and IGFBP-3 compared with male participants (432.1 Ϯ 263 vs. 534.1 Ϯ 270, P Ͻ 0.01 and 3871 Ϯ 745 vs. 4120 Ϯ 852, P Ͻ 0.05, respectively).
In adjusted correlations, cortisol was negatively associated with IGF-I (r ϭ Ϫ0.15; P Ͻ 0.05) and IGFBP-3 (r ϭ 0.18; P Ͻ 0.05) and positively with IGFBP-1 (r ϭ Ϫ0.18; P Ͻ 0.05).
Zero-order and partial correlation coefficients for cortisol, the dependent variables from OGTT and FSIVGTT, as well as changes in the variables from yr 1 to yr 2 are summarized in Table 2 . Analyses only including participants with complete data from both years (n ϭ 143) were compared with analyses including all participants from yr 1 (n ϭ 211). Results for both groups were the same. Most relevant, cortisol was still significantly associated with the decline in SI FIG. 1. A, B , Zero-order correlation of cortisol with DI (A) (r ϭ Ϫ0.13; P Ͻ 0.05) and AIR (B) (r ϭ Ϫ0.16; P Ͻ 0.05).
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from yr 1 to yr 2, considering participants with measurements from both years only (r ϭ Ϫ0.18; P Ͻ 0.05).
Discussion
The present paper demonstrates that serum cortisol is associated with increased fasting glucose concentrations and decreased AIR and ␤-cell function in overweight Latino youth. Moreover, we found that higher baseline cortisol was related to a greater decrease in SI over a 1-yr follow-up period. Although it has been demonstrated that cortisol affects SI in adults (7, 23) , the current study shows that cortisol may interfere with SI during adolescence as well. The relationship between SI and insulin secretion has been described as hyperbolic (22, 24) . This means that individuals with lower SI compensate with higher insulin secretion to maintain normal glucose tolerance (13, 24) . Indeed, our laboratory has shown both increased AIR and DI as potential compensatory mechanisms for decreased SI in minority youths (3) .
The current study suggests that cortisol may be associated with the decrease in SI in children and adolescents through decreasing ␤-cell function and the acute insulin response to a glucose stimulus, thus affecting the compensatory route for insulin resistance described above. This finding is further supported by results from research in adult individuals, showing a lack of adaption of islet function in response to a glucocorticoid-induced reduction in SI, specifically in individuals with low inherent SI, comparable with the Latino youths in our study (13) . Both decreased AIR and decreased function of the ␤ cell may then contribute to the decrease in SI in our study population, as evidenced in the negative association of cortisol and the change in SI after 1 yr. The present study is, to the best of our knowledge, the first report linking relative hypercortisolemia with indices of SI and a longitudinal change in SI in Latino youth.
Epidemiological and clinical studies in adults have shown that obesity, especially visceral obesity, and related metabolic comorbidities are associated with stress-related conditions (25) (26) (27) . Our laboratory has found a significant relationship between the number of features of the metabolic syndrome and cortisol concentrations in Latino youth (17) , suggesting that obesity and the related metabolic disturbances such as insulin resistance may in part result from a maladaptive physiological reaction to environmental stress factors in susceptible individuals (28) . Despite the fact that differences in exposure to stress defined by ethnicity and socioeconomic status are systematically underestimated (16), very little research has addressed differences in the physiological stress reaction and their consequences for health in ethnic minorities.
Research in non-Latino white adults has linked obesity and insulin resistance with increased morning cortisol concentrations (29) , whereas studies performed in Latino and African-American youth have shown lower morning cortisol and a flatter diurnal cortisol slope compared with their non-Latino white counterparts (4) . Because of the one-time sampling of cortisol in the present study, we cannot draw conclusions regarding the overall stress levels in Latino children. It is possible that a maladaptive hypothalamus-pituitary-adrenal (HPA) axis physiology in cortisol slopes across the day may have not been observed in the present study as a result of one-time sampling in the morning. There is no uniformly accepted way of expressing HPA axis activity, and each way has inherent limitations. We previously found that, in obese Latino adolescents aged 14 -17 yr, serum cortisol correlates with salivary cortisol awakening response (r ϭ 0.42; P Ͻ 0.05) (Weigensberg M. Because cortisol has been generally associated with visceral fat accumulation (17, 32) , it is of interest that we did not find a relationship between cortisol and indices of visceral fat accumulation in our group of participants. This might be attributable to the age group or to the homogeneity of the group in terms of ethnicity and body weight. Visceral fat accumulation may be a consequence of prolonged glucocorticoid exposure, and the relationship may be present in somewhat older adolescents (33) . Cortisol was negatively associated with IGF-I in the present study. IGF-I is an insulin sensitizer and has successfully been used as a surrogate to estimate GH secretion (26) based on the negative feedback relationship between the two. Epidemiological studies have shown that people with low IGF concentrations have a 2-fold increased risk of developing glucose intolerance or type 2 diabetes (34) . Considering the physiological changes in the GH/IGF-I axis during puberty, the lack of difference in IGF-I between Tanner stages indicates a derangement of the GH/ IGF-I axis in obesity. Our result is supportive of literature reporting an inhibitory effect of obesity on GH secretion, including peripheral factors such as IGF-I (35) . IGF-I is mainly derived from the liver, which also is the sole site of splanchnic cortisol production, a fact that suggests a close interaction between cortisol and IGF-I. Although IGF has gained clinical significance predominantly as a mechanism linking obesity to cancer (36) , in the present paper it is of particular interest because of its representation of GH concentrations. GH is greatly reduced in obesity and is particularly associated with visceral fat accumulation (32) . The present paper would support work suggesting that low GH and high cortisol act in concert to reduce insulin resistance in adolescents (33) .
Because of the correlational nature of the present study, we also cannot draw conclusions regarding the direction of the relationship between cortisol and our insulin parameters. However, we do have evidence that chronic stress and the related altered HPA activity are associated with features of the metabolic syndrome in adolescents (37) . Elegant animal models have shown a direct inhibitory effect of glucocorticoids on insulin release (38) . A causative effect of cortisol on several parameters relevant to SI is also substantiated by research investigating individuals with primary pathological hypercortisolism, e.g. Cushing's disease (39) .
In conclusion, the present study suggests that crosssectionally, cortisol may affect SI through increased glucose concentrations, decreased ␤-cell function, decreased AIR, and IGF-I at an early age, contributing to a long-term decrease in SI. These results reinforce the fact that cortisol may play a permissive role for health disparities in metabolic diseases in ethnic minorities. Additional research is necessary to examine possible ethnic-specific stress exposure and more specifically the acute HPA responses to stress in African-American and Latino youth. Results from the present study underline the importance of prevention of chronic glucocorticoid exposure in minority children and adolescents as an additional preventive measure for metabolic disease.
